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Abstract 
The paper presents possibilities of Building Information Modeling (BIM) techniques and relevant software for decision making 
optimization in construction. Some relevant description of BIM elements needed for optimization in construction investment 
process. Authors presents chosen tools for decision making - point of reference method. Paper consist also practical example of 
suggested methodology use - choice of the best location of the office building. 
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1. Introduction 
The present article is aimed at analysis of possible applications of Building Information Modeling (BIM) for 
decision-making in civil engineering. It discusses the basic aspects of decision support optimization. The authors 
have presented practical examples of use of the tools, described earlier, for solving of selected decision-making 
problems. The summary presents conclusions on the current possibilities of use of BIM in decision-making 
processes, as well as perspectives for further development of such software tools in the future. 
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2. Decision making in construction 
2.1. Decision making 
Decision-making is necessary throughout the entire cycle of development of any investment project. The pre-
investment phase requires decisions with regard to feasibility, location of the investment or selection of the design. 
In the construction phase, decisions are made to solve technical and transport-related problems, as well as to 
optimize use of the accessible construction site. In the operational phase, the decisions made are associated with 
possible restoration, renovation or extension. A situation, in which a given entity, or the decision-maker, is faced 
with the necessity to choose from at least two options, according to decision theory, is known as the decision-making 
problem [5]. 
Depending on the approach of the authors, various phases of the decision-making process are distinguished. 
Regardless of the approach, selected by the management, the decisions made should be rational, coherent and 
logical. For this purpose, it is necessary to have the current, reliable and full information on the problem and the 
decision-making situation. In construction, such comfortable situations are particularly rare. The multitude of entities 
involved in the construction undertaking leads to conflicts, which require decisions to be made, already at the stage 
of compiling of the documentation. Another issue is the human factor. For instance, subcontractors may attempt to 
hide the fact of falling behind the schedule, reporting progress of works in accordance with the plan. Meanwhile, for 
the decision-making process, awareness of the delay is of key importance for the decision-maker to make a good 
choice, adequate to the realistic circumstances. 
It should be kept in mind that almost every decision brings both desirable and undesirable effects. For instance, 
when choosing the contractor on the basis of the lowest price criterion, the investor often decides to apply the 
variant, associated with the highest risk.  
In many cases, the decision-making process is so complex that it requires construction of a simplified model of 
the decision problem.  These models present, in a specific conventional manner (depending on the model type), a 
fragment of reality, which is significant from the perspective of the decision problem. Several types of models can 
be distinguished, such as verbal (including descriptive), analog (including physical), symbolic (including formal and 
mathematical models) [10]. 
The mathematical model, which allows for use of computer aided methods to choose the optimum solution, is 
particularly useful for decision-making problems. Construction of the model is of great importance, in particular, 
when it is not possible to conduct tests using the real object (system). In construction trade, such situations prevail. 
Testing of different variants in reality is associated with enormous financial expenditures, which are unacceptable 
for most investors. 
Another important part of modeling of a decision problem is defining of the desirable end state, or the objective. 
For this purpose, it is necessary to recognize the relevant variables of this state and determine their end value.  The 
term “target” is often applied, which is defined from the perspective of maximization or minimization of a specific 
state variable.  Another type of objective is the membership objective. These can be divided into the following types: 
point, calculation, upper threshold, lower threshold and interval objectives. In most cases, point objectives are not 
expressed categorically, by elimination of all solutions, which fail to fulfill the objective, but as reference points. 
Unfortunately, if different definitions of distance from reference point are used, we can obtain different results, if the 
point we are searching for is not included in the set of attainable points. Therefore, another development of 
mathematical modeling of decision-making problems is often introduced, which is the fuzzy set theory. Application 
of the fuzzy set theory, or, to be more precise, the membership function, allows for unequivocal assessment of points 
close to the reference point. As a result, if a given point is not attainable, we will always obtain the same result, 
regardless of the function used. 
   Frequently, we are dealing with several functions describing various criteria. This leads to emergence of 
multidimensional assessment vectors. In order to be able to compare such assessments, we have to introduce the 
notion of preference. Three basic relations can be distinguished: [10] 
a  b  weak preference relation – meaning that a is not worse than b,  
a  b strict preference relation – meaning that a is visibly better than b, 
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a  b indifference relation – a and b are subject to equal preference. 
 
All of the above relations can be attained, using the weak preference relation. Rational preference models assume 
the following characteristics of the preference relation:   
 
x The relation is transitive, if  a is preferred over b, and b is preferred over c, which means that a jest is 
preferred over c, 
x The relation is reflexive – for every a,  a a is true, 
x The relation is strictly monotonic [10]. 
ݕ ൅ ߝ݁௜ ݕ݈݀ܽߝ ൐ Ͳǡ i=1, 2, ..., m (1) 
 
where ݁௜ means the i-th unit vector in space Y 
 
When vector a is visibly better than vector b for all rational preferences, we say that vector a is (rationally) 
dominant over vector b. In such case, vector b is (rationally) dominated by vector a. When searching for a solution 
of the decision problem, dominated vectors can be excluded from the set of potential solutions due to the fact that 
they will not be preferred by any rational decision-maker. Assessment vector  a is called undominated only if  no 
a'אA exists that  would be dominated by a'. 
The vector inequality relation is a partial order  (Pareto). It means that incomparable vectors exist. Maximal 
vectors in this sense are not the best, but only undominated vectors. However, under certain circumstances, the 
undominated vector can be the best one.    
2.2. The assessment weighing method 
One of the techniques for determination of effective solutions to multi-criteria tasks is the assessment weighing 
method. It is based on scaling using weights allocated to individual components of the assessment vector:    
ሼσ ୧୧୫୧ୀଵ ሺሻ ׷  א ሽ (2) 
By using weights,  which may serve as the controlling parameters, the assessment weighing method can be 
applied to systems that support decision-making. A serious flaw of this technique is caused by the fact that when the 
set of attainable vectors is a non-convex set, it does not lead to achievement of all effective assessment vectors. This 
means that as early as at the stage of selection of the appropriate technique for generating effective solutions, we 
may reject solutions, which may match best the preferences of the decision-maker. Moreover, in most cases, 
individual components of the assessment vector are specified according to different scales; therefore, intuitiveness 
of use of weights is disputable [1], [2], [3], [4], [7], [8], [9]. 
2.3. Reference Point Method (RPM) 
Unlike the assessment weighing method, the reference point method [6], except under extraordinary 
circumstances, allows for attaining of all of the attainable assessment vectors. The controlling parameter here is the 
level of aspirations, or assessment values that the decision-maker would like to achieve. One of the simplest 
implementations of this scaling method has been illustrated by formula 3.      
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where: 
ai – coordinates of the aspirations vector 
Ȝi – positive scaling factors 
ȡ – positive regulating parameter 
 
The grapphic interpretation of the reference point method has been presented below (Fig. 1). The reference point 
method is definitely better than the assessment weighing method in discrete tasks. Moreover, aspiration vectors in 
practice are more intuitive for the decision-maker in comparison with weights used in the assessment weighing 
method. Thanks to this, it is possible to attain results, which are better suited to the actual preferences of the decision 
maker.    
 
Fig. 1 Classical RPM  - an unattainable aspiration vector. [3]  
3. BIM elements in decision making 
In the early 21st century, BIM seemed to offer a solution to the problem of data incompatibility in construction 
trade. However, as it turned out later, it may solve many more problems than it was initially expected. 
At present, despite the great development of technology, the construction industry uses a few of amenities 
facilitating the investment implementation process. Of course, CAD type software has replaced drawing boards, and 
calculations are performed by dedicated tools. Nevertheless, it is worth noting that the first version of the most 
popular CAD software, that is, AutoCAD, was presented to the world 34 years ago. Since then, many various 
software tools have been developed to aid construction works; however, there has been no single common direction 
of progress. The investment management process has also remained unchanged. As a result, productivity in 
construction has been going down while increasing in other non-agricultural sectors.  
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Fig. 2. The mode of information exchange in projects using  BIM. [8] 
In order to enable free sharing of information between individual participants of the construction process, it is 
necessary to develop a single data model. A successful attempt of creation of such model is undoubtedly the 
Industry Foundation Classes (IFC), developed by buildingSMART (formerly International Alliance for 
Interoperability). The mission of buildingSMART is to contribute to sustainable development of construction 
through wiser sharing of information and communication. This goal is achieved thanks to open international 
standards for construction, both in the private and public sector. 
One of the most important features of an IFC data model is the fact that it is open. It means that anyone can 
get access to the model specification .This facilitates data exchange between various types of software, as well as 
easy development of new software, using directly the IFC file. 
The IFC specification encompasses terms, concepts and data specification components, used in various 
construction fields. The terms and concepts are usually English words. Data components are in accordance with 
the naming convention applied.   
4. Practical example - choice of the optimal investment - construction of office building 
The investor, later referred to also as a decision-maker, is considering construction of an office building. During 
the preliminary phase, three different  structures and 20 potential locations of the investment were proposed. The 
individual variants of the building differ mainly in terms of its useful floor area. The next stage consists of 
construction of the material model. For this purpose, it is necessary to gather the data and correlations between data 
in order to analyze the situation. BIM software is a good tool for gathering of information on the facility planned. 
 Data was gathered on the prices of construction of office space per square meter, rent prices per square meter, 
assessment of individual locations by the decision-maker, and the data collected was presented in tabular format 
(table 1). The location assessment was based on preferences of the decision-maker and expert knowledge. In this 
case, it was assumed that the investor was from Poland. The location assessment took into account two main 
characteristics: time differences in a given location in relation to the investor’s location and cultural aspects. These 
two features may exert significant impact on effective project management. Time differences lead to difficulties in 
communication, which may result in delayed response to risks, which materialize during implementation of the 
investment. On the other hand, cultural differences may lead to problems that are difficult to predict and assess. 
Apart from this information, data on the costs of maintenance of the office is also of significance, in particular, if the 
decision-maker resolves not to lease office space but use it for their own needs. I taws assumed that the maintenance 
costs would include  the costs of energy consumption and other costs in the amount of 15% of the rental price in a 
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given location. The cost of energy consumed by the building depends on many factors, such as its designation, shape 
or unit prices of energy in a given location.  A full energy efficiency analysis of the building would, however, 
require a full project. Ordering of a design of all variants would be very time-consuming and costly. BIM support 
tools often provide for energy efficiency analysis of the so-called concept structures.   
   
Fig 3.  (a) A concept structure modelled in  Autodesk Revit and (b) a visualization (own compilation} 
Such structure, for the purpose of analysis, requires specification of only a few pieces of information concerning 
the building. These include the shape, degree of glazing of the external walls, the ground level, specification of the 
building designation and location in relation to true north. Of course, the results of such analyses  are much less 
precise in comparison with analyses conducted using a full design of the building. However, at the early stage of the 
investment project, they allow for creation of a  reliable foundation prior to the next design stage. Energy efficiency 
analyses were performed using Autodesk Revit. A great advantage of this software tool is the fact that tasks 
requiring substantial computer performance, such as analyses or visualizations, can be done in the cloud. A report 
from such analysis,  apart from data on expected energy consumption, includes the estimated unit costs of electricity 
and heat for a given location. Moreover, the information includes the potential profits from renewable energy 
sources, such as wind farms or photovoltaic cells mounted on the roof, data on the expected carbon dioxide emission 
level, as well as many charts. Chart 4 presents the exemplary reports on analysis. Collective data used in the material 
model, obtained from BIM software, is provided in table 1.    
Fig. 4. (a) Wind speeds (b) monthly consumption of heat energy (c) monthly consumption of electrical energy – data obtained from the cloud for 
a building in  Melbourne (Australia) [own compilation] 
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Tale 1.  (fragment) Data obtained from the BIM model and an energy efficiency analysis report. (Total floor space and office floor space data is 
based directly on individual building models, while data on consumption and cost of energy can be found in the report on energy efficiency 
analysis).    
 
 
The number of variants attainable through the assessment weighing method and RPM was compared. For the 
assessment weighing method, 4843 various sets of weights allowed for attaining of only 4 out of 60 variants. In the 
case of RPM,  4096 different points of aspirations were sufficient to attain 23 variants. After the number of various 
aspiration points was increased to 132651, the number of attainable variants increased to 28. This confirms the 
assumption that weight-based methods are not effective in the case of discrete problems. 
In further research, interactive decision support was applied using the Reference Point Method. The interactive 
approach differs greatly from the traditional one, which can be referred to as batch-based.  In the batch-based 
approach, after developing a mathematical model of the decision problem, the decision-maker is responsible for the 
description of their preferences. Afterwards, on the basis of data contained in the model and in preferences of the 
decision-maker, a simulation is conducted, which leads to the solution variant presented to the decision-maker for 
acceptance. As it can be seen, in the case of such approach, the decision-maker does not participate directly in 
optimization. In the case of interactive decision support, the decision-maker receives an application with a 
mathematical model of the problem implemented. Afterwards, the decision-maker translates their preferences to the 
appropriate aspiration points and enters data in the application made  available in order to receive the optimization 
result. By entering subsequent aspiration points and receiving subsequent solutions, the decision-maker is able to get 
familiar with the area of solutions found to be interesting, and, on the basis of their knowledge and experience, 
choose the best variant. This approach allows not only for activation of the decision-maker in the decision-making 
process, but also  it secures us more effectively against overlooking the solution, which is best suited to the 
preferences of the decision-maker. It should be kept in mind that even if the decision-maker has precise preferences, 
translation of these to aspiration points or weights assigned to criteria is most often a simplification, leading to loss 
of some of the information. Also the decision problem model itself is simplified in relation to reality. As a result of 
loss of data and simplification, the optimization results are, to a certain extent, an estimation. This is why interactive 
decision support, in which the decision-maker is able to get familiar better with the problem, gest so much 
preference over the traditional  approach. 
In the case under consideration, the decision-maker conducted six optimizations in the iterative manner, 
modifying their aspiration point each time. Out of all results, the decision-maker chose the solution obtained in the 
second iteration. It was a building located in New Delhi, India. The variant selected was characterized by high 
expected profits and a relatively low  own contribution. The advantages listed turned out to be more significant than 
the relatively low assessment of the location..    
No. Country City Total floor 
space m2 
Office floor 
space m2 
Electrical 
energy 
consumption 
[kWh/sm/yr] 
Heat energy 
consumption 
[MJ/sm/yr] 
Cost of 
electrical 
energy 
[$/kWh] 
Cost of 
electrical 
energy 
[$/Therm] 
1 Australia Melbourne 14651 10440 164 249 0,06 0,78 
2 Brazil Rio de Janeiro,  35292 25312 187 23 0,12 1,25 
3 China Beijing 68207 51794 177 202 0,09 0,78 
...     
18 Great Britain London 68207 51794 152 225 0,15 1,12 
19 Vietnam Hanoi 14651 10440 199 48 0,09 0,78 
20 United Arab 
Emirates 
Dubai 14651 10440 221 30 0,09 0,78 
...         
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5. Summary 
Development of BIM technology creates completely new opportunities for gathering information on buildings. 
This allows for easy and quick access to all characteristics of components, building geometry or energy analyses. 
Unfortunately, the great quantity of data gathered is associated with the necessity of its effective filtering and 
processing in order to draw the right conclusions. At present, software that supports BIM, unfortunately, does not 
offer too many tools for managers, which would facilitate handling of the investment process and making of multi-
criteria decisions. 
 One of the available solutions is to use separate packages, such as Microsoft Excel, Matlab or AMPL. This 
approach is very much hindered by the necessity to transfer the data needed manually from the BIM model to the 
selected program. In addition, Matlab and AMPL require familiarity with basic programming skills and syntax of 
languages used by these programs. Use of Microsoft Excel may turn out to be the easiest solution thanks to the fact 
that it is widely known. However, it should be kept in mind that the package has its limitations, such as lack of 
possibility of separating the model from the data. Moreover, taking full advantage of the package options requires 
familiarity with programming basics and the language used  (Visual Basic for Applications). 
Additional difficulty may be associated with selection of the decision-making method, particularly if the decision 
problem is discrete. It turns out that the popular, widely used methods may significantly limit the choice of the most 
interesting variant by the decision-maker. This leads to concern that the solution, which is best fitted to decision-
maker preferences may be rejected due to improper selection of the decision supporting method. In the work, it has 
been shown that the Reference Point Method works much better for discrete tasks than the weighted total method 
and other weight-based methods. 
Another interesting direction of development in the field of decision-making support software tools in 
construction is to base them on a shared IFC data model. In this way, such tools could become independent of the 
software used to developed the building model. This path seems to be  unexploited. One of the reasons for this is 
probably the incomplete compatibility of most BIM support software tools and the IFC model. 
The authors of this article hope that in the future, new software will be developed to support work of construction 
managers, which will be free from the defects of the solutions listed above. The civil engineers, performing a 
profession of public trust, subject to a particularly high level of responsibility, should have at their disposal the tools 
allowing them to make the proper decisions, adequate to the current situation. This may not only facilitate the work 
of engineers, but also increase overall productivity of the trade.    
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